In this study, core samples were taken from column or reinforced wall in order to make reinforcement or restoration. The effect of the element height and volume of voids of these samples to the compressive strength were investigated. C25 type ready to use concrete was used and a column without steel was produced. During the production process, 15 cm reference cube samples were taken from the fresh concrete. After 28 days, 8 cores from reference cubes and 128 samples from column were taken and their compressive strengths were determined. As a result, the average compressive strength of the reference core samples was 36.95 Mpa and according to the height compressive strengths of other samples was ranging between 37.3 and 43.0 Mpa. The ratio of the increasing of the compressive strength changes between 0.95 and 16.37% according to the reference sample. Based on the experimental results, fuzzy Logic method was used for modelling of the experimental results. The paper demonstrates that fuzzy logic can be successfully used in modelling the compressive strength of concrete for different height and volume of voids. This model enables us to easily and reliably estimate the compressive strength of concrete.
INTRODUCTION
A necessary prerequisite for devising a restoration or reinforcement scheme for a deteriorating structure is the acquisition of relevant in situ data to be used for evaluating structural adequacy as well as defining the scope of restoration work. The methodology for conducting a successful structural in situ investigation includes: strategic planning, preliminary visual inspection, loading assessment, material property evaluation and load testing techniques. The single and the most important after material property used for the evaluation of residual load capacity and structural adequacy of deteriorated concrete structures is the in situ concrete strength. The most direct method of obtaining this data is to test core specimens retrieved from the structure. It is not, however, always feasible to core for specimens and even if it is, the number of cores that can be taken is often limited. The solution is therefore to use indirect non-destructive and partially destructive techniques which measure concrete *Corresponding author. E-mail: ercanozgan@gmail.com.
properties other than strength in combination with testing core specimens. Several of those techniques especially suited for in situ investigation are reviewed. Prior to using any of the indirect methods, a correlation needs to be established with the in situ concrete strength (Tay and Tam, 1996) .
The compressive strength of concrete is used as the most basic and important material property when reinforced concrete structures are designed (Yi et al., 2006) . The common way of determining in-situ strength of concrete is to drill and test cores (Troxell et al., 1968; Neville, 1995; Mindess et al., 1981; Arioglu and Arioglu, 1998; Erdoğan, 2003; Sullivan, 1991; Haque and AlKhaiat, 1997; Miao et al., 1993; Price et al., 1996; Khayat et al., 1997) . Although the method consists of expensive and time consuming operations, cores give reliable and useful results since they are mechanically tested to be destructive (Neville, 1995) . However, the test results should be carefully interpreted because core strengths are affected by a number of factors such as diameter, h/d ratio and moisture condition of the core specimen, the direction of drilling, presence of reinforcement steel bars in the specimen and even the strength level of the concrete (Bungey, 1979; Bartlett and MacGregor, 1994; Bartlett and MacGregor, 1993; Bartlett, 1997) . The diameter of the core plays an important role in the evaluation of core strength results. Both ASTM and British Standards (BS) specify a minimum core diameter of 100 mm providing that the diameter of the core is at least three times larger than the maximum aggregate size in concrete mixture ASTM C 42-90, (1994 ), and BS 1881 : Part 120 (1983 . It was indicated that core strength was affected by both specimen and aggregate sizes. Therefore, it was proposed that the size of specimen and aggregate, type of aggregate, age of the specimen should be taken into consideration for the interpretation of the results used to convert the strengths of cores to those of standard cylinders or cubes (Tuncana et al., 2008) . Turkish Standard TS EN 12504-1 allows the use of 50 mm diameter cores TS EN 12504-1 (2002) . However, no correction factors to convert the strength of 50 mm cores to those of cores having larger diameter are given in the standard. By using cylinder, cube, and prism specimens, the effect of specimen sizes, specimen shapes, and placement directions on compressive strength of concrete specimens were experimentally investigated based on fracture mechanics. The test results are curvefitted using least square method (LSM) to obtain the new parameters for the modified size effect law (MSEL). The analysis results show that the effect of specimen sizes, specimen shapes, and placement directions on ultimate strength is present. In addition, correlations between compressive strengths with size, shape, and placement direction of the specimen are investigated (Seong-Tae et al., 2006) . However, by using different techniques, different prediction models were developed and used by researchers in different studies to predict of experimental or observational results (Jafri et al., 2012a; Jafri et al., 2012b; Jafri et al., 2012c; Jafri et al., 2012d) .
The purpose of this study is to experimentally investigate the axial compressive strength of concrete core samples retrieved from column and suggest a model for the prediction of compressive strengths with height of column and volume of voids in core samples based on the fracture mechanics. Based on the experimental results, a numerical model was established within the Mat-lab programming environment and fuzzy Logic method was used for this purpose. The paper demonstrates that fuzzy logic can be successfully used in modelling the compressive strength of concrete for different height and volume of voids. This model enables us to easily and reliably estimate the compressive strength of concrete by using only the height and volume of voids parameters of concrete.
EXPERIMENTAL DETAILS Formwork
In this study, a column block in a cross-section with 100 × 25 cm and 250 cm height was produced. While producing the block, 3 cm wide metal framed wooden panel with 50 × 100 × 2.5 cm dimensions was used on the front and back surfaces. 25 × 250 × 2.5 cm pine timber was used on the sides. After this process, sika concentrated block liquid was applied on the interior surfaces of the block and the formwork was prepared for pouring the concrete.
Concrete
C25 ready mixed concrete was poured into the formwork as to prevent segregation. The mixture design of the concrete is given in Table 1 . Concrete was poured in the form of 50 cm layers. Each layer was vibrated by a 3 cm diameter vibrator from 4 different points. During this process, in order to use as reference, 8 cube samples in 15 cm dimension were taken according to Turkish Standards TS EN 12350-1 and they were kept in cure tank for 28 days.
Taking of the core samples 3 days after pouring the concrete, the formworks were left out. Wet . cure was applied for 28 days in the morning, in the afternoon and in the evening as in the construction site. After 28 days of pouring the concrete, in order to take the core sample, the position of the column was changed into horizontal from vertical. 16 from the height and 8 from the width in total 128 core samples were taken. Diameter of the core was 100 mm and h/d=1.5 (Figures 1 and 2) . The core samples were taken from the reference cube samples in the same way.
Determination of the physical properties of the samples
All the samples taken were kept for 48 h in the laboratory and their air dry weight were measured with 0.1 g sensitivity. Afterwards these samples were kept in 20±2°C water till their weight become constant and saturated to water. Saturated weights and their Uzunoğlu et al. 5195 weights in water were measured. Samples were kept in drying oven in 105±2°C till they have constant weights.
Determination of the compressive strength of samples
In order to conduct compressive strength test, top and bottom surface of the samples were covered by 70% sulphur and 30% graphite mixture. After keeping the samples for 24 h in the laboratory setting, compressive strength test was applied according to the Turkish Standard TS EN 12390-4. The compressive strength values of the reference samples and the physical properties of others were given in Table 2 .
APPLICATION OF FUZZY LOGIC METHOD
The effects of the structural element' height and volume of voids in concrete on the compressive strength of the concrete core samples was tried to modelling by using the fuzz logic method. Using the fuzzy logic, the structural element' height and volume of voids of the concrete on the compressive strength for the concrete core samples with reasonable precisions are all systematically varied to identify the effects of each combination for finding the compressive strength of the concrete in laboratory or especially in field. It is likely impossible to find the different compressive strength of the concrete without using an efficient prediction method that satisfies the constraints. Fuzzy logic was implemented to determine a set of unknown parameters which best matched the compressive strength model predictions with experimental data. This modelling procedure can be used as a guideline for experiments to determine the compressive strength of the concrete. In the presented study, based on the experimental results, a numerical model was established within the Mat-lab programming environment. Fuzzy Logic method was used this purpose. The paper demonstrates that fuzzy logic can be successfully used in modelling the compressive strength of concrete for different height and volume of voids. This model enables us to easily and reliably estimate the compressive strength of concrete by using only the height and volume of voids parameters of concrete.
Fuzzy inference systems (FIS)
The process of fuzzy inference involves all of the pieces that are membership functions, fuzzy logic operators, and if-then rules [17] . There are two types of fuzzy inference systems, they are; Mamdanitype and Sugeno-type. In this study, Mamdani fuzzy inference system was used for modelling the stability of asphalt concrete [18] , [19] , [20] . While the height and volume of voids were used as inputs, the compressive strength of concrete core was used as output. To observe the relationship between concrete properties and compressive strength correlation analysis was conducted and its results were shown in Table 3 . From Table 3 , it can be seen that the highest correlation coefficient between the height of the column and compressive strength was 0.916. However, the correlation coefficient between compressive strength and the ratio of absorption of water and volume of voids are nearly equal which values are -0.5. The other correlation coefficient between other properties and compressive strength are so poor. Because of the high correlation coefficient between compressive strength, height of column and volume of voids were used as inputs for fuzz logic. Fuzzy inference system was showed as schematically ( Figure 3 ).
Membership functions (MF)
The degree of memberships "µ" was shown for height of structural 
Rule editors, rule viewer and surface viewer
Fuzzy sets and fuzzy operators are the subjects and verbs of fuzzy logic. These if-then rule statements are used to formulate the conditional statements that comprise fuzzy logic. A fuzzy if-then rule could be assumed for this study as; "If height is Height1 and volume of voids is Vo4 then compressive strength is Comp1."
Where, height and volume of voids are linguistic values defined for fuzzy sets on the ranges (universes of discourse) Height and Volume of voids. The if-part of the rule height and volume of voids are called antecedent or premise, while the then part of the rule "Compressive strength" is called the consequent or conclusion. The rule editor was edited the list of the rules that defined the behaviour of the system. Figure 6 shows a part of formed rules in rule editor. Which rules are active or how individual membership function shapes influence the results could be seen on the viewers which are seen in Figures 7 and 8 .
Also, the surface viewer or surface map was used to display the dependency of the compressive strength on the height and volume of voids. The surface viewer or surface map shows the behaviour of the entire system in Figure 9 .
The relationship between prediction values with fuzzy logic and experimental results for the compressive strength of concrete core samples was shown in Figure 10 .
RESULTS AND DISCUSSION
In this study, core samples were taken from structure elements such as column, reinforced wall in order to make reinforcement or restoration. The effect of the element height and volume of voids of these samples to the compressive strength were investigated. The results are stated below.
The . The correlation coefficient between the compressive strength and saturated unit volume weight of the core sample was -0.273, it was 0.01 at dry unit volume weight, 0.219 at saturated unit volume weight, -0.504 at water absorption negative. The relationship between unit volume weight and the compressive strength of the concrete is not significant. Particularly core samples are taken from buildings that would be reinforced in order to determine the compressive strength of concrete. In this study which aims to determine whether the compressive strength of the samples differed according to the height or not, the compressive strength of the samples according to height changed between 0.95 and 16.37%. For this reason, the compressive strength of the core samples can be used if they are converted into reference compressive strength according to the suggested coefficient below. Thus in order to convert the compressive strength of the concrete into reference value, the height must be measured while taking the core samples. Besides, the compressive strength of the concrete could be predicted with R 2 =0.99 using obtained in equation in Figure 10 .
It can be suggested that according to the volume of voids and height of the core samples, Fuzzy logic method can be used for predicting the compressive strength. In case of using different class, mixture design of concrete and different types and amounts of plasticizers, investigating the effects of height in structure elements such as column, reinforced wall on the compressive strength of hardened concrete can be useful.
